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© Composition for reversobly absorbing and desorbing hydrogen. 

A composition for reversibly absorbing and desorbing 
. hydrogen, comprising 0.8 - 20% by weight of one or more 
oxides of one or more elements selected from La. Ce, Nd. Pr. 
5m and Eu, in ZrV (wherein x is in the range 0.01 x 0.7). 
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This invent j on relates to a composition for rever si bly 
absorbing and dcsorbing hydrogen and isotopes thereof. In 
particular, the invention relates to a substance for itversibly 
abborbing-desorbing hydrogen and isotapes thereof which is easy 
5 to hydrogenate and has a high hydrogen absorbing and desorbing 
rate. The composition may also be used as a 'getter 1 for other 
gases. 

Hydrogen getting substances, such as Ti, Zr, Hf and the 
like, showing a hydrogen dissociation pressure lower than 

10 atomospheric pressure at a temperature of less than 300°C have 
been known. However, these metals are generally covered by 
strong oxides and/or nitride films, so that to obtain a hydrogen- 
gettable clean active surface, pretreatment is required, for 
example, by sublimation in a sputtering method, or heat-treatment 

15 at a high temperature e.g. 700 - l t 000°C. 

It has been proposed to improve a pretreatment by » 
activation with one or more additional elements to form an alloy, ) 
and so control the hydrogen dissociation pressure characteristic * 
or increase the reversible hydrogen absorbing-desorbing rate. j 

20 However, Zr-Al, Zr-Ni alloys, for example, require j 

heat-treatment or activation at a high temperature such as 450 - j 
750°C. On the other hand a Zr-V alloy can reversibly absorb and j 
desorb hydrogen without an initial activation treatment, but If * 
such an alloy (e.g. Zr-V Q ^ 5 ) is exposed to hydrogen gas at a 

25 pressure of about 0.5 kg/cm 2 , a high temperature for initially 
absorbing hydrogen of about 230°C is required and the absorption 
rate is slow. Further, the physical properties of the alloys are 
such that it is difficult to prepare them with a desired size, 
e.g* by cutting and crushing. 

30 Intermetallic compounds, Zr-V^0 and the like, 

stabilized by oxygen have also been proposed, but these require 
an activation treatment and the control of sample grain size is 
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difficult because of the hardness of the alloys. It has also 
been proposed to control hydrogen dissociation pressure, sample 
grain size and characteristics to gases other than hydrogen, by 
adding 4th and 5th elements to an aHoy stabilized with oxygen 

5 and forming an intermetallic compound such as Zr-Ti-V-Fe-0. 
However, by increasing the kinds of additional elements, it has 
been difficult to regulate composition of the substance. 

We have now found it possible to provide reversibly 
hydrogen absorbing-desorbing materials showing a hydrogen 

ID equilibrium pressure lower than atmospheric pressure with a 
comparatively high hydrogenation composition at a temperature of 
less than 300°C, the materials having a low temperature for 
initially absorbing hydrogen end a sufficiently fast rate of 
absorbing and desorbing hydrogen. In addition the materials do 

15 not require any initial activation treatment. These properties 
are achieved by dispersing specified amounts of one or more 
particular rare earth oxides into ZrV having a specified 
composition and forming a complex. 

According to the invention, there is provided a 

20 composition for reversibly absorbing and desorbing hydrogen 
comprising 0.8 - 20% by weight of one or more oxides of one or 
more elements selected from La, Ce, Nd t Pr, Sm and Eu, in 2rV x 
(wherein x is in the range 0.01 4 x £0.7). 

In the compositions of the invention, the zirconium- 

25 vanadium which forms the matrix should have a composition of 

ZrV 0.01-0.7' 

As the amount of V in the composition of this invention 
is increased, the hydrogen gas activity increases and the 
temperature-hydrogen equilibrium pressure-composition 

30 characteristics vary* When the V content is lower than the above 
range, the effect of increasing the hydrogen gas activity is not 
so conspicuous, so that the desired properties cannot be 
attained, and a V content exceeding the above range is not 
preferable because the alloy then has a high hydrogen equilibrium 
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pressure at a comparatively low temperature in comparatively high 

hydrogenation composition. 

The oxides of the elements which may be dispersed in 

the ZrV matrix are one or more oxides selected from La, Ce, Nd, 
x 

Pr, Sm and Eu oxides, and the amount thereof is 0.8 - 20% by 
weight. 

The hydrogen gas activity increases as the amount of 
the rare earth oxide added is increased, while the temperature- 
hydrogen equilibrium pressure characteristic is scarcely 
affected. However, when the amount added does not fall within 
the above range, the effect of increasing activity is not 
noticable, and when the amount exceeds the above range, there is 
no more effect on the activity and the hydrogen absorption amount 
is only reduced, so that neither cases are preferable. 

For consistency, it is preferable that the elements of 
the oxides are in their most stable oxidation states, that is 

La 2 0 y CeO ? , Nd 2°3* Pr 6 °n» Sm 2°3 and En 2°3' but there is no 
particular reason why oxides of lower, mixed or non- 
stoi chiometric oxidation states cannot be used. 

Various methods may be employed to manufacture the 
composition of the invention. The most preferable method is to 
prepare highly pure zirconium and highly pure vanadium and a 
mixture of the one or more rare earth oxides mentioned 
above (inclusive of Misch metal oxide) to form respective 
predetrmined compositions and to combine them in an inert 
atomsphere such as argon and the like. 

Alternatively, the rare earth oxides are not directly 
mixed, but rare earth pure metals are mixed and melted in an 
oxidizing atmosphere, or a small amount of oxide such as of V or 
Zr is mixed and melted. 

In addition, the composition according to the 
invention may also readily act as a getter for impure gases such 
as oxygen, nitrogen, carbon monoxide, carbon di oxide t 
methane, steam end the like other than hydrogen gas. In 
addition, the substance according to the invention can be easily 
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ground as compared with Zr-V as a matrix, and is generally not 
too brittle, and has excessive density. 

The composition according to the invention does not 
require any activation treatment vhatc-ver the initial hydrogen 
5 content, and the initial hydrogenation rate is large while the 
reversible absorbing-desorbing rate is advantageously large. 

Furthermore, the composition of the invention has 
various advantages in that it may be readily ground; the 
temperature condition and the like in initial hydrogenation is 

1D optimised almost without changing the temperature-pressure- 
composition characteristic of the mother alloy in comparison with 
alloy improvement by conventional 3rd element addition; the 
reaction rate is increased; and it may be used as a getter for 
other impure gases, 

15 With these advantages, the reversible hydrogen 

absorbing-desorbing composition of this invention may be 
advantageously used for refining and separating hydrogen gas, for 
hydrogen gas pressure control of vacuum machines and the like, as 
a hydrogen gas getter, including isotape and non-volatile getter, 

2D and the like. 

Figures 1 and 2 of the accompanying drawings are 
characteristic diagrams showing initial activity of the 
composition according to the present invention, and 

Figure 3 is a diagram showing equilibrium hydrogen 
25 pressure to temperature characteristics of the composition 
according to the present invention in case of changing 
hydrogenation composition. 

The invention will be illustrated by referring to 
examples hereinafter. These examples are described with 
30 preferable specified compositions and other conditions, but these 
examples are for illustration only and the invention is not 
limited to these examples. 
Examples 1-33 

In order to form the compositions shown in Table 1, the 
35 following were used: Zr metal powder (purity : more than 99. 7%) ; 
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V pieces (purity ; more than 99-7%); Cc^O^purity : more 

than 99.0%); CeO^ (purity : mure than 99.0%); Nd 2 0 3 ( purity : more 
than 99.0%); Pr gO^ (purity: more than 99.0%); Sm^> 3 (purity : 
more than 99.0%); Eu^> 3 (purity ; more than 99.0%); and a mixed 
5 rare earth oxide (consisting of 30 wt% of 50 wt% of Ce0 2# 

15 wt% of Nd^) 3 , 4 wt% of Pr 6 0 i:L and 1 vt% of Sm 2 0 3 ). The 
desired amounts of the components were arc melted in an argon 
atmosphere and formed into a reversible hydrogen absorbing- 
desorbing material. 

10 The thus obtained material was ground to 20 - 40 mesh, 

and 4 g were charged in a hydrogen absorbing-desorbing reactor, 
vacuum exhausted, to 10 Torr. 

Hydrogen having 99.9999% purity was introduced into the 
reactor at a pressure of about 0.5 kg/cm , the material 

IS temperature was maintained at 30°C for 10 minutes and then the 
temperature was raised from 30°C to 300°C at a rate of 5°C/min. 
By measuring the sample temperature and the pressure in the 
reactor, the temperature and the sample started to absorb 
hydrogen and the initial hydrogen absorbing rate were determined. 

20 Thus, the indices of the hydrogen absorption starting temperature 
and the absorbing rate at the time of the initial hydrogen 
absorption are as shown in Table 1. Further, the saturated 
hydrogen absorbing amount at the temperature of starting 
absorption of initial hydrogen in each sample (converted into 

25 STP) is as shown in Table 1. 

Figure 1 is a graph showing the change with time of 
the hydrogen pressure in a reactor when the materials of Example 
No. 22 (solid line (I))), Example No. 14 (solid line (II)) and 
ZrV (solid line (III)) as mother alloy thereof and ground to 

30 20 - 40 mesh are charged in the above reactor. After vacuum 

exhaustion of the reactor to 10 Torr, a hydrogen pressure of 
2 

0.5 kg/cm is provided, 30°C is maintained for 10 minutes, and 
the temperature is raised to 300°C at a rate of 5°C/min. 

In Figure 1, the abscissa indicates time, the ordinate 
35 indicates the pressure in a reactor at that time by a solid line 
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Hiid the temperature in the vicinity of a sample at that time by a 
one-dot line. 

Figure 2 is a graph showing ihe change with time of 
hydrogen pressure when testing materials of Example No. 32 (solid 

5 line A), Example No. 29 (solid line B), Example No. 22 (solid 
line C), Example No. 8 (solid line D) and respective mother 
alloys ZrV Q 7 (broken line a) and ZrVg 5 (broken line b), ZrV^ 
(broken Line c) and ZrVg ^ (broken line d) under the same 
condition as in the case shown in Figure 1. 

IC In Figure 2 9 the abscissa indicates time, the ordinate 

indicates the pressure in a reactor at that time by a solid- 
broken line, and r the sample temperature by one-dot line. 

Figure 3 is a graph showing the hydrogen pressure 
temperature characteristic of a sample measured by grinding the 

15 * material of Example No. 22 to 20-40 mesh, weighing 4 g into a 
vacuum measuring hydrogen absorbing-desorbing container , 
continuously heating and vacuum exhausting the whole container at 
250°C for 48 hours with a cryopump, thereafter sealing a sample 
system from the exhaust system, introducing a predetermined 

10 amount of hydrogen gas at a room temperature for absorption by 
the sample, raising the temperature from room temperature to 
about 350°C by balancing the hydrogen pressure, and returning to 
room temperature in the same manner. 

In Figure 3, the abscissa indicates the hydrogen 

?5 pressure in the container charged with the sample, that is, it 
shows the equilibrium hydrogen pressure of said sample at that 
temperature, and the ordinate shows the sample temperature at 
that time (shown by (1000/T (1/k)) and (°C)). 

In Figure 3, the solid line shows the time of absorbing 

50 hydrogen and the broken line shows the time of desorbing 
hydrogen, wherein (1) shows that the hydrogen content in the 
hydrogenated product is 5% of the saturated hydrogen absorbing 
amount, (2) shows 10%, and (3) shows 15%, respectively. Each 
example extremely quickly absorbs and desorbs hydrogen to reach 
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equilibrium, and shows I he hydrogen prcssurc—l erupt* ra Lure 
characteristic as shown in Figure 3, 

Further, in this pressure measurement , the pressure 
-5 -2 

range from JO to 10 Pa is the partial pressure measurement of 
5 hydrogen gas, and the pressure range higher than 10" 2 Pa is the 
total pressure measurement with the use of an ionizer vacuum 
meter. 

Absorption of CO-N ^ 

The material of Example No. 22 was ground to 20 - AO 

10 mesh, k g placed in a stainless vacuum measurement hydrogen 
absorbing^desorbing container (A), while a control container (B) 
was free of the material. Both (A) and (B) were containuously 
heated and vacuumed at 150°C for 24 hours with a cryopump and 
back to a room temperature, sealed from the exhaust system, and 

15 the change with time of respective CO-N2 partial pressures within 

said containers (A) and (B) determined. At a room temperature of 

23°C, the container (A) shows an increase of CO-N- component at a 
-10 

rate of 7.2 x 10 Torr 1/sec, and the container (B) shows an 

-9 

increase of C0-N 2 at a ratio 1.7 x 10 Torr 1/sec. Therefore, 

20 even at a room temperature of 23 °C, the sample absorbs the C0-K. 

-10 ' 

content at an absorbing rate of 9.6 x 10 Torr 1/sec. The 
temperatures of both the containers (A) and (B) was raised from 
25°C to 250°C at a rate of 1.5°C/min, and the change with time of 
the C0-N £ partial pressure was examined in the same manner as 

25 described above. 

The container (A) has 2 x 10 Pa at a room temperature 
and a partial pressure of 1,2 x 10" 5 Pa at 250^, and the 
container (B) has 2 x 10~* Pa at a room temperature and 2.9 x 
3 0 Pa at 250°C. Therefore, it means that said sample absorbs 

30 the C0-N component at 1.2 x 10 " A Torr 1/sec during this period. 
Further, the temperature when the C0-N ? partial pressure is 
reduced in the container (A) is about 40°C. 
0^ Partial Pressure 

0^ Partial pressure is investigated by leaking a small 

35 amount of oxygen into the container in a temperature range from 
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room temperature to 250°C. For said sample (A), 0 2 partial 

pressure was reduced to about 1 x 10 Pa within one mjnute* 

ZrV r mr NdJ), 10 wt% and ZrV n -cPr^O^ 10wt% are not 
0.15 2 3 0.1b & 11 

shown in Table 1 as examples, but are expected to obtain the same 
5 effect as that examples shown in Table 1. 

The following materials may also be expected to obtain 
the same effect as those of examples shown in Table 1. 



ZrV 0 


.15 La 2°3 p wt% 


, Ce0 2 q wt% 


ZrV Q 


.15 La 2°3 p wt% 


, Nd 2 0 3 q wt% 


ZrV Q 


.15 La 2°3 p wt% 


, Pr^O^ q wt% 


ZrV Q 


15 Ce0 2 p wt%. 


Sm 2 0 3 q wt% 


ZrV 0 


15 Ce0 2 p wt%. 


Eu 2 0 3 q wt% 


ZrV 0 


.l5 Nd 2°3 p wt% 


, Pr 6 0 11 q wt% 


ZrV 0 


15 Sm 2 0 3 p wt% 


, Eu 2 0^ q wt% 



15 (In the above materials, 0,8 < p + q < 20) 

2rV 0.15 La 2°3 p Wt% ' Ce0 2 q wt% 
Sm^O^ r wt% 

(In this material, 0.8 <p + q-fr<20 

ZrV 0.15 La 2°3 p wt%, Ce0 2 q wt% 
20 Sm 2°3 r wt% ' Eu 2°3 s wt% 

(In this material, 0,8 <p+q+r + s< 20) 
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ZrV 0 15 ^ a 2°3 P wt% ' Ce0 2 ^ wtl 
Nd^O^ r wt%, Sm^O^ s wt% 

Eu 2 0 3 t wt% 

(In this material, 0.8 <p+g+r+s+t£ 20) 
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Table 1 



Cxample Mater ial ( subs tance ) Hydrogen 
number composition absorbing 

amount 
( cc/g ) 



198 



Temperature Indices of 

absorbing rate at 
the time of 
(°C) initial hydrogen 

absorption 

260 less than 0.05kg/cin" 
within 180min. 



2 
3 



Ce0 2 

mixed rare 
earth oxide 



198 
194 



260 



260 



La 2 0 3 



20% by 
weight 



165 



190 less than 0.05kg/cm^ 
within 30 min. 



5 
6 



Ce0 2 

mixed rare 
earth oxide 



164 
163 



180 
180 



ZrV Q jLa-O- 20% by 
weight 



168 



180 less than 0.05kg/cm 2 
within 25 min. 



8 
9 



Ce0 2 

mixed rare 
earth oxide 



167 
168 



180 
180 



10 



2r Vl5 La 2°3 1% . by 
weight 



245 



200 less than 0.05kg/cm 
within 50 min. 



11 
12 



Ce0 2 

mixed rare 
earth oxide 



242 
241 



190 
190 



13 



La 2°3 5% by 
weight 



239 



170 less than 0.05kg/cm 
within 30 min. 



14 
15 



Ce0 2 

mixed rare 
earth oxide 



236 
232 



170 
170 



Tob]o 1 ( roni i nuc*d ) 
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16 

17 
18 

19 
20 

21 

22 
23 

24 
25 
26 

27 



ZrV 0.l5 La 2°3 101 by 
weight 



29 
10 

Jl 

2 
3 



CeO- 



Sm 2 0 3 



Eu 2 0 3 

mixed rare " 
earth oxide 

La^Oj 10% by 
weight 

CeCU 



Sm 2°3 



Eu 2°3 



*' mixed rare " 
earth oxide 

ZrV Q 5 La 2 0 3 20% by 
weight 



CeCL 



28 ZrV 0.5 La 2°3 20% b y 



weight 



Ce0 2 

n mixed rare " 
earth oxide 

ZrV Q _ 7 La 2 0 3 20% by 
weight 



Ce0 2 

mixed rare 
earth oxide 



226 

223 
218 

216 
221 

210 

210 
196 

194 
207 
227 

220 
227 

220 
220 

238 

242 
240 



less than O.Olkg/cm' 
within 5 min. 



less than O.Olkg/cm' 
within 2 min. 



less than O.Olkg/cm 2 
within 5 min. 



150 

150 
50 

50 
150 

140 
140 



room tempe- waiting time to 
rature(30) hydrogenation 0 min, 
less than O.Olkg/cro 2 
within 1 min. 



room tempe- 
rature(30) 

130 



2 ; 



less than O.Olkg/cm 
within 5 min. 



room tempe- waiting time to 
rature(30) hydrogenation 0 min. 

less than O.Olkg/cm 2 
within 2 min. 



room tempe- waiting time to 
rature(30) hydrogenation 0 min, 
less than O.Olkg/cm 
within 2 min. 



waiting time for 
hydrogenation 0 min J 
less than O.Olkg/cm | 
within 1 min. I 
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CLAIMS: 

1, A composition for reversibly absorbing and desorbing 
hydrogen, comprising 0.8 - 20% by weight of one or more oxides of 
one or more elements selected from La, Ce, Nd, Pr f Sm and Eu t in 
ZrV x (wherein x is in the range 0,01 ^ x -;0.7). 

2, A composition as claimed in claim 1, wherein the oxide 
component comprises one or more of ^2^3' ^ e< ^2 * ^2^3* Pr 6 °11 ' 
Sm^O-j and Vufly 

3, a composition as claimed in either of claims 1 and 2, 
wherein the oxide component comprises La 2 °3 ^ by wei 8 ht ) snd 
any one of Ce0 2 , Nd 2 0 3 and Pr^ (q% by weight) where 0.8*p + 
q<20. 

b m A composition as claimed in either of claims 1 and 2, 

wherein the oxide component comprises Ce0 2 (p% by weight) and any 
one of Sm 2 0 3 and Eu 2 0 3 (qX by weight) where 0.8 p + q ^ 20. 
5 # A composition as claimed in either of claims 1 and 2, 

wherein the oxide component comprises Nd^ (P* b Y weight) and Pr g 
0^ (q% by weight) where 0.8 p + q -^20. 

g 4 A composition as claimed in either of claims 1 and 2, 

wherein the oxide component comprises Sm^ (pZ by weight) and Eu 2 
0 3 (qZ by weight) where 0.8-^r p + q -£20. 

7. A composition as claimed in either of claims 1 and 2, 
wherein the oxide component comprises 1* 2 ° 3 (P* b * weight), Ce0 2 
(q% by weight) and Sm^ (rX by weight), where 0.8 p + q + r 
-f^20. 

8. A composition as claimed in either of claims 1 and 2, 
wherein the oxide component comprises l^Oj (pi by weight), CeO. 
(q% by weight), Sn^O-j (rX by weight) and Eu 2 0 3 (s% by weight), 
where 0.8-£-p + q + r + s-=^20. 

9. a composition as claimed in either of claims 1 and 2, 
wherein the oxide component comprises La 2 0 3 (p% by weight), CeQ 
(ql by weight), Nd 2 0 3 (rX by weight), Srn^ (sX by weight) and 
Eu 2 0 3 (tX, by weight), where 0.8-^p + q + r + s+ t ^20. 
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]0. A method of reducing the hydrogen content of a hydrogen 

containing atmosphere which comprises contacting said atmosphere 
with a composition according to any one of the preceding claims. 
J], A method of purifying an impure gas which comprises 

contacting said gas with a composition according to any one of 
claims 1 to 9. 
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Fig. 3 



( I ) 5% H/HSATU 
Zr V 0 .i5+20wt%Ce0 2 (2) 10% H/HSATU 

(3) 15% H/HSATU 

AT ABSORPTION 



AT DESORPTION 



TEMPERATURE (°C) 

888 § S 8 g 



1 x10 3 k" 



1 xlO 

i xid' 




1x10 



1x10' 



uid 1 



ixid 2 t 
ix id 3 

UJ 
"< 5 

1X10 co 
to 

-5 W 
1X10 £ 

ixid 6 



u id 7 



Jixid 8 



1.5 2.0 2.5 3.0 3.5 

TEMPERATURE (1000/T il/K)) 



